To study the effect of meal timing after exercise on body composition, 20 male rats were assigned to either a group fed a meal right after exercise (R) or a group fed a meal 4h after exercise (L). Resistance L by 6% (p<0.05), whereas the sum of the weight of perirenal, epididymal, and mesenteric adipose tissues was lower in R than in L by 24% (p<0.01). The soleus lipoprotein lipase (LPL) activity was higher in R than in L by 70% (p<0.01), and the activity negatively correlated with the adipose tissue weight (r=-0.49, p<0.05). These results suggest the possibility that ingesting a meal right after resistance exercise may contribute to an increase in the muscle mass and to a decrease in the adipose tissue compared to ingesting a meal several hours later.
The metabolic fate of a nutrient consumed depends to some extent on the timing of its ingestion in relation to physiological situations. The timing in relation to physical exercise is one of the examples. It was reported that the timing of sucrose consumption relative to exercise influenced plasma triacylglycerol (TG) concentration differently in rats (1) . In another study, the rate of glycogen recovery after exercise was reported to be faster in the ingestion of carbohydrate immediately after exercise than in ingestion 2h after exercise in humans (2) . With regard to the timing of protein ingestion, we have reported that the rate of skeletal muscle protein synthesis was stimulated to a greater extent by giving a mixture of amino acids and glucose right after exercise as compared to giving it 2h after exercise (3) , suggesting that the early ingestion of meals after exercise during a training period could promote an increase in the skeletal muscle mass by training.
It has been reported that the resting metabolic rate (RMR) is associated with lean body mass (LBM) (4, 5) . In addition, a low RMR is a risk factor for future weight gain (6) . Therefore, if ingesting a meal immediately after exercise would augment the skeletal muscle mass, less adipose tissue might accumulate due to the higher RMR.
Lipoprotein lipase (LPL) is the rate-limiting enzyme hydrolyzing plasma TG into fatty acids. The produced fatty acids can be utilized as an energy source by the muscle or stocked in adipose tissue (7) . Since LPL is expressed in both muscle and adipose tissues but specifically regulated according to the tissue (8, 9) , LPL could play a pivotal role in the nutrient partitioning between adipose tissue and muscle. Thus, LPL activity could be a factor that influences body composition (7, 10) .
The aim of the present study was, therefore, to examine whether the ingestion of meals immediately after exercise training would result in greater accretion of skeletal muscle and smaller fat deposition in rats as compared to the ingestion of meals several hours after exercise. In addition, the role of LPL was investigated. each meal between the groups. The amount of food provided was determined to be the average of the group which showed the smaller consumption of the prior day. The R group was usually the group that consumed the smaller amount of food. However, the total food intake per day did not differ between the groups. The body weight was measured daily. Drinking water was available ad libitum at all times. Exercise training. The resistance exercise (squatting) model developed for rats was employed. The exercise apparatus was basically prepared as previously reported (11) . The rat was placed in an artificial leather vest that was designed for this exercise model. A 35-cm wooden bar was connected at one end to a fulcrum that was secured on a table and the other end was attached to the vest worn by the rat. A piece of iron board was located on the bar so that the load could be increased by adding an iron piece as the rat was gradually able to raise heavier weights. The rats were initially in a sitting position. In order to encourage the animals to squat, an electrical stimulation at 10V/100Hz for a 0.3-s duration at 2-s intervals was applied to the tail of the rat using a surface electrode. Rats stood up repeatedly as the electrical stimulation was given.
MATERIALS AND METHODS

Animals
All rats were gradually acclimated to the apparatus for 3wk before initiating the exercise training regimen. After that, the maximum power (one repetition maximum: 1RM) was measured for each rat. The initial load was 0.7kg, which was about 70% of the weight that the weakest animal could raise. The training consisted of 10 sets of 15 repetitions a day, and the squatting exercise was repeated at 2-s intervals. Each set was separated by a 2-min resting period. The rats therefore squatted 150 times during each exercise session. The training was done 3 times a week or basically every other day for 10wk. The 1RM was measured every 2wk and the load was increased according to the measurement. The 70% weight of 1 RM of the weakest animal was chosen as the load for all rats throughout the study, which was about 66% of 1RM of the strongest animal. The loads were 0.9kg from weeks 2 to 4, 1.2kg from weeks 4 to 6, 1.4kg from weeks 6 to 8, and 1.5kg from weeks 8 to 10 of the study. Each training session took about 40min including all resting periods. All procedures were conducted in conformity with the "Guide for correlated with the sum of the weight of the adipose tissues (r=-0.49, p<0.05). LPL activity in the epididymal adipose tissue, however, showed no difference between the groups (Table 4 ). LPL activity in the epididymal adipose tissue showed no significant correlation with the epididymal adipose tissue weight.
DISCUSSION
We have reported that the protein synthesis rate in skeletal muscle was augmented to a greater extent by giving a mixture of amino acids and glucose immediately after exercise as compared to giving it 2h after exercise in dogs (3) . It has also been recently suggested that, for humans, the administration of amino acids soon after exercise might be more effective for skeletal muscle protein synthesis as compared to administration later on (14) . However, no study has been attempted to elucidate whether or not continuing such exercise-meal-timing for a long period of time would be beneficial to skeletal muscle accretion. The present study showed that the sum of the weight of the skeletal muscle tissues measured was significantly higher in R than in L. We also showed that the accumulation of the adipose tissues was lower in R than in L. These results indicate that the ingestion of meals soon after exercise appears to be more effective in increasing muscle mass and decreas ing adipose tissue accumulation.
The difference in the weight of skeletal muscles examined between R and L was statistically significant but the difference appeared to be slight. However, it has been reported that LBM was increased by 4% with methandione and weight training (15) , by 10% with androgenic and anabolic steroids (16) , and by 1.5% (17) with creatine. Since these observations were obtained in human studies, we need to be careful to compare these data to our observation. However, the 6% increase in skeletal muscle mass observed in the present study is between the range reported above. In addition, the mean body weight was greater in R than in L by 6.6g, whereas, the sum of the weight of epididymal, perirenal and mesenteric adipose tissues was significantly smaller in R than in L by 6.6g. Thus, it could be assumed that LBM would be greater in R than in L.
Exercise training has been reported to increase LPL activity in muscle tissue (9, 18, 19) , but it did not influence LPL activity in adipose tissue (9) . However, to our knowledge, no information is available as to whether or not meal timing after exercise affects LPL activity in these tissues. In the present study, the LPL activity in both skeletal and cardiac muscles was significantly higher in R than in L, whereas LPL activity in adipose tissue did not differ between R and L. A significant negative correlation between the soleus muscle LPL activity and adipose tissue weight was observed (20) . In addition, it has been proposed that decreased skeletal muscle LPL activity may predispose to obesity (20) . Thus, this higher skeletal muscle LPL activity in R could be associated with the lower adipose tissue accumulation in R than in L. However, the mechanisms for this higher LPL activity in R still remain to be clarified. LPL activity in adipose tissue was comparable between R and L. On the other hand, the adipose tissue weight was significantly lower in R than in L. LPL activity in the adipose tissue increases after feeding (7) . Therefore, the possibility was raised that a significant positive relationship might be found between the adipose tissue LPL activity and adipose tissue weight.
The physical activity pattern during the resting period could be a factor to determine body fat accumulation and skeletal muscle mass. In the present study, the rats in R were sedated after consuming the post-exercise meal. In contrast, the rats in L tended to be more active until their post-exercise meals were served at the beginning of the study period. However, the activity of the rats in L before serving the post-exercise meal became less as the study continued. It thus appears that the rats in L acclimated to the meal timing. Therefore, total activity during the resting period could be greater in L than in R, which would result in lower adipose tissue accumulation and higher skeletal muscle accretion in L than in R. However, this was not the case. We thus interpret that the physical activity level during the resting period would not influence the difference in the body composition between R and L.
In conclusion, it could be considered that the effects of resistance exercise and meal ingestion on body composition differed according to their timing. The results of this study suggest the possibility that the early ingestion of a meal after exercise may be more effective in decreasing the amount of adipose tissue and increasing the skeletal muscle mass, and that the LPL activity in muscle was specifically regulated according to the meal timing and could be partly responsible for the difference in body composition.
